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The present disclosure relates to ?uid machines, especially 
(22) PCT Filed? May 3-1 2012 compressors, more especially screW compressors. More par 
ticularly the present disclosure describes a ?uid machine 
(86) PCT N05 PCT/GB2012/050967 comprising at least one rotor (64), the rotor including a rotor 
§ 371 (OX1), drive shaft (68) extending from the rotor, a housing in Which 
(2), (4) Date; Nov_ 4, 2013 is mounted the rotor, and at least one bearing insert (74) Which 
mounts around the rotor drive shaft at a ?rst end of the rotor 
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attaches to the housing. The present disclosure also describes 
bearing inserts suitable for use on such ?uid machines. 
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FLUID MACHINE 
FIELD OF THE INVENTION 
[0001] The present invention relates to ?uid machines, 
especially compressors, more especially screw compressors. 
BACKGROUND OF THE INVENTION 
[0002] Screw compressors will usually comprise two heli 
cal compressor rotors which closely mesh within a compres 
sor housing. There is a female and a male rotor, which are 
mounted with the spirals of their respective helices orientated 
in opposite directions. The rotors are driven and as they rotate, 
?uid is trapped in the space between the rotors and the hous 
ing. This enables the ?uid to be compressed by the action of 
the rotors. 
[0003] The casings of such screw compressors generally 
comprise three separate sections: a main central housing, an 
inlet housing and an outlet housing. In some case, two of these 
components may be combined into one contiguous piece, 
such as the inlet casing and the main casing. All three of these 
are structural elements i.e. they bear load transmitted through 
bearings. 
[0004] The inlet and outlet housings will have mounts for 
the rotor shafts, with the main bodies of the rotors mounted 
within conjoined rotor chambers. Since the rotors may rotate 
at high speed and require precise tolerances to enable correct 
operation, thrust and radial bearings are used to maintain 
correct relative positioning. 
[0005] Compressing the gas creates a pressure load that is 
borne by the rotors. 
[0006] Compressing ?uids creates heat and this heat causes 
expansion of the materials used to manufacture the housings 
and rotors. Since they may be formed from different materi 
als, are different shapes and are exposed to varying tempera 
tures, the rotors and the casings will not expand uniformly, 
and hence a thermal load is created by the rotors expanding 
longitudinally against the mounts. 
[0007] The three housings are connected to one another 
usually be arrangements of ?anges and bolts, and the loads 
acting upon the system must be resisted by these arrange 
ments. 
SUMMARY OF THE INVENTION 
[0008] According to a ?rst aspect of the present invention 
there is provided a ?uid machine comprising at least one 
rotor, the rotor including a rotor drive shaft extending from 
the rotor, a housing in which is mounted the rotor, and at least 
one bearing insert which mounts around the rotor drive shaft 
at a ?rst end of the rotor and which includes at least one 
bearing within it and attaches to the housing. 
[0009] The term “?uid machine” will be understood to 
include, without limitation, pumps, compressors, turbines 
and expanders. 
[0010] The rotor will have lobes or blades projecting from 
the rotor drive shaft to a maximum diameter, and the bearing 
inserts may have a dominant dimension, measured substan 
tially perpendicularly to a main axis of the rotor shaft, that is 
substantially the same as said maximum diameter. 
[0011] The ?uid machine may be a screw compressor, the 
rotor being a screw type with helical lobes surrounding a rotor 
drive shaft, and the dimension of the bearing insert is sub 
stantially the same as that of the maximum helical lobe diam 
eter. 
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[0012] The ?uid machine may include two meshing rotors. 
[0013] The ?uid machine may include two bearing inserts. 
The bearing inserts may be joined along a sidewall. 
[0014] The bearing insert may be substantially cylindrical. 
The bearing insert may have a ?attened portion on a cylindri 
cal sidewall for mating with another bearing insert. 
[0015] The bearing insert may include a ?ange for attach 
ing the bearing insert to the housing. The bearing insert may 
include a ?uid machine port formed in it. This may be in the 
form of an external indentation on one or more exterior side 
walls. Two or more bearing inserts may have cooperating 
indentations to form a ?uid machine port. This port may be a 
suction, discharge or other 
[0016] The bearing insert may include at least one thrust 
bearing and at least one radial bearing within it. 
[0017] The rotors may have bearing inserts on both ?rst and 
second ends. 
[0018] The rotors may be further mounted within the hous 
ing at an end opposite the bearing insert with an axial biasing 
device, which may be a balance piston. A bearing may be 
provided adjacent the axial biasing device. 
[0019] According to a second aspect of the present inven 
tion there is provided a bearing insert suitable for use with a 
?uid machine, comprising a substantially tubular body with a 
central bore, the central bore including at least one internally 
mounted bearing, with a bearing surface exposed within the 
central bore. 
[0020] The bearing insert may include an attachment ?ange 
around a ?rst end of the tubular body. 
[0021] The bearing insert may have a ?attened portion on a 
cylindrical sidewall for mating with another bearing insert. 
[0022] The bearing insert may include a port formed in it. 
This may be in the form of an external indentation on an 
exterior sidewall. Two or more bearing inserts may have 
cooperating indentations to form a port. This may be a high 
pressure port. 
[0023] The bearing insert may include at least one thrust 
bearing and at least one radial bearing within it. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] An example of the present invention will now be 
described, by way of example only, with reference to the 
following drawings, in which: 
[0025] FIG. 1 is a side elevation of a ?uid machine, namely 
a screw compressor, according to the present invention; 
[0026] FIG. 2 is a plan sectional view ofthe compressor of 
FIG. 1; 
[0027] FIG. 3 is a perspective view of a male bearing insert 
ofthe compressor of FIG. 1; 
[0028] FIG. 4 is a perspective view of a female bearing 
insert of the compressor of FIG. 1; 
[0029] FIG. 5 is a perspective view of the male bearing 
insert of FIG. 3 attached to the female bearing insert of FIG. 
4; 
[0030] FIG. 6 is a perspective view of the joined bearing 
inserts of FIG. 5 with male and female rotors inserted; 
[0031] FIG. 7 is a sectional side elevation of the female 
rotor and bearing insert arrangement of the compressor of 
FIG. 1; and 
[0032] FIG. 8 is a further perspective view of the arrange 
ment of FIG. 6 with the female rotor in transparent section. 
[0033] A screw compressor 10 is shown in FIG. 1. It com 
prises a housing 12, an inlet cover 14 and an outlet cover 16. 
The housing 12 is a generally cylindrical shape, with a ?rst 
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?ange 18 at the inlet end 20 and a second ?ange 22 at the 
outlet end 24. Mounting feet 26 project from a lower surface 
28 of the housing 12 and are adjacent inlet end 20 and outlet 
end 24. Approximately diametrically opposite the mounting 
feet 26, on an upper surface 30 of the housing 12 and adjacent 
inlet end 20 and outlet end 24 are mounting lugs 32. The 
mounting lugs 32 comprise a radially projecting plate 34, the 
plane of the plate 34 being substantially parallel to a horizon 
tal axis of the screw compressor 10 cylindrical housing 12. In 
each plate 34 is an aperture 36 adjacent a chamfered comer 38 
of the plate 34, the chamfered corner 38 being disposed 
axially inboard and radially outward of the housing 12. 
[0034] Located at the approximate axial midpoint of the 
housing 12 aron the upper surface 30, are radial strength 
ening ribs. Six strengthening ribs 40 are provided on the 
present embodiment. The strengthening ribs 40 form a con 
ti guous arrangement with an axial strengthening spine 42, the 
spine 42 also being contiguous with the mounting lugs 32. 
[0035] An outlet port 44 projects radially from the housing 
12 adjacent the lower surface 28. The outlet port 44 has a 
substantially square outlet plate cover 46 attached to it. 
[0036] The inlet cover 14 includes an inlet cover ?ange 48 
which attaches to the ?rst ?ange 18 with mechanical fasteners 
i.e. nuts 50 which attach to threaded bolts 54 that project from 
the ?rst ?ange 18.A substantially offset frustum-shaped body 
52 extends from the inlet cover ?ange 48, and is offset 
towards the upper surface 30 of the housing 12. A mounting 
?ange 56 with attached cover 58 is disposed at the distal end 
of the inlet cover 14 from the inlet cover ?ange 48. Mechani 
cal fasteners in the form of threaded bolts 60 attach mounting 
?ange 56 to cover 58. 
[0037] An inlet duct 62 is de?ned within the inlet cover 14 
and is in the form of a largely conical channel, which allows 
for ?uid communication between a bore (not shown) at the 
centre of the mounting ?ange 56 and the internal components 
of the compressor 10. 
[0038] A male rotor 64 and female rotor 66 are provided 
within the housing 12. The male rotor 64 and female rotor 66 
are meshed, similar to prior art compressors. The male rotor 
64 and female rotor 66 are housed within adjoined cylindrical 
cavities 65, 67 within the housing 12 that overlap to form a 
conjoined cavity 69 with a “?gure eight” cross-section. The 
sidewalls of the cavity 69 are very close in diameter to the 
outer diameter of each rotor 64,66 such that there is minimal 
clearance, but the rotors 64,66 are not impeded from rotating. 
[0039] A drive shaft 68 extends from the male rotor 64 and 
projects from the outlet cover 16 of the compressor 10. This 
will be driven by a rotational motor (not shown), which may 
be electrical or mechanical or some other type, to power the 
compressor 10. This projects through outlet cover 16, which 
is a substantially circular plate member, with circumferential 
bores to enable its attachment to the housing 12 via second 
?ange 22. On the surface of the outlet cover 16 opposite the 
housing 12 from which the drive shaft 68 projects, and dis 
posed around the base of the drive shaft 68 is a shaft cover 70. 
The shaft cover 70 is a substantially frusto-conical shape, 
with the greater diameter end abutting the outlet cover 16. 
Shaft bearings 72 are provided within the shaft cover 70 and 
around the drive shaft 68. 
[0040] A male bearing insert 74 is provided around the base 
of the male rotor 64. The male bearing insert 74 is located 
adjacent the shaft cover 70 on the inside of the compressor 10. 
[0041] A female bearing insert 76 is provided the base of 
the female rotor 66. Both bearing inserts 74 and 76 are cov 
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ered by the outlet cover 16 but neither are connected nor abut 
the outlet cover 16. Consequently, neither rotor 64,66 is struc 
turally dependent upon the outlet cover 16 nor will act upon it 
under load. 
[0042] Male bearing insert 74 comprises a generally tubu 
lar main body 78 that is radially truncated to form a planar 
male mating face 80. A male bearing insert ?ange 82 is 
provided around a ?rst end of the male bearing insert 74, the 
?ange 82 also being truncated to form the male mating face 
80. The ?ange 82 is provided with a plurality of ?ange attach 
ment apertures 84 aron its circumference. At a second end 
of the male bearing insert 74, located distally from the ?rst 
end, is a male rotor annulus 86.A male insert labyrinth seal 88 
is provided adjacent the ?ange 82, and is disposed on the 
sidewall 90 of the tubular main body 78. The labyrinth seal 88 
intersects the male mating face 80. A male insert attachment 
aperture 91 is provided on the male mating face 80, located 
axially towards the male rotor annulus 86, but at the approxi 
mate diametric centre of the tubular main body 78 and male 
mating face 80. 
[0043] A male outlet port 89 is formed adjacent the male 
mating face 80 and the male rotor annulus 86. The male outlet 
port 89 intersects both the male mating face 80 and the male 
rotor annulus 86 such that ?uid ?ow is permitted through the 
port 89 from outside male mating face 80 through the tubular 
main body 78 and out the male rotor annulus 86, towards the 
male rotor 64. 
[0044] Female bearing insert 76 comprises a generally 
tubular main body 92 that is radially truncated to form a 
generally planar female mating face 94. A female bearing 
insert ?ange 96 is provided around a ?rst end of the female 
bearing insert 76, the ?ange 96 also being truncated to form 
the female mating face 94. The ?ange 96 is provided with a 
plurality of ?ange attachment apertures 98 around its circum 
ference. At a second end of the female bearing insert 76, 
located distally from the ?rst end, is a female rotor annulus 
100. A female insert labyrinth seal 102 is provided adjacent 
the ?ange 96, and is disposed on the sidewall 104 of the 
tubular main body 92. The labyrinth seal 102 intersects the 
female mating face 94. 
[0045] A female insert attachment aperture 106 is provided 
on the female mating face 94, located axially towards the 
female rotor annulus 100, but at the approximate diametric 
centre of the tubular main body 92 and female mating face 94. 
The female insert attachment aperture 106 is located within a 
T-shaped groove 108 formed in the female mating face 94. 
The T-shaped groove 108 is located with the upper cross 
groove 108a projecting diametrically across the female mat 
ing face 94 and in ?uid communication with the labyrinth seal 
102, and the lower groove 108b projecting from the midpoint 
of the upper cross groove 108a, axially along the female 
mating face 94, but terminating within the con?nes of the 
female mating face 94. The female insert attachment aperture 
106 is located at the base of the lower groove 108b, the base 
of the lower groove 1081) having a rounded lower extremity. 
[0046] A female outlet port 110 is formed adjacent the 
female mating face 94 and the female rotor annulus 100. The 
female outlet port 106 intersects both the female mating face 
94 and the female rotor annulus 100 such that ?uid ?ow is 
permitted through the port 106 from outside female mating 
face 94 through the tubular main body 92 and out the female 
rotor annulus 100, towards the female rotor 66. 
[0047] FIG. 5 shows the male bearing insert 74 attached to 
the female bearing insert 76. The inserts 74,76 are attached 
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along their corresponding mating faces 80,94 with a mechani 
cal fastener (not shown) attaching them via their respective 
attachment apertures 91,106. This forms a largely contiguous 
insert arrangement, with a largely “?gure eight” cross-sec 
tion. 
[0048] The male outlet port 89 and female outlet port 106, 
having corresponding location on their respective bearing 
inserts 74,76, cooperate to form a combined outlet port 112. 
[0049] Bearings are provided within the bearing inserts 
74,76. Two bearings are provided in each bearing insert 74,76 
in the present embodiment. Adjacent the ?rst ends and within 
each bearing insert 74,76 is provided a thrust bearing, respec 
tively numbered 114 (male bearing insert thrust bearing 114) 
and 116 (female bearing insert thrust bearing 116). The thrust 
bearings 114,116 are a ball bearing type. 
[0050] Adjacent the thrust bearings 114,116 and located 
towards the rotors 64,66 are radial bearings, respectively 
numbered 118 (male bearing insert radial bearing 118) and 
120 (female bearing insert radial bearing 120). The radial 
bearings 118,120 are a friction bearing type. 
[0051] Adjacent the radial bearings 118,120 and located 
towards the rotors 64,66 are inner labyrinth seals, respec 
tively numbered 122 (male bearing insert inner labyrinth seal 
122) and 124 (female bearing insert inner labyrinth seal 122). 
[0052] Adjacent the thrust bearings 114, 116 are provided 
removable inner ?ange rings respectively numbered 126 
(male bearing inner ?ange ring 126) and 128 (female bearing 
inner ?ange ring 128). The thrust bearings 114,116, radial 
bearings 114,116 and inner labyrinth seals 122,124 are held 
within their respective bearing inserts 74,76 between the rotor 
annuli 86,100 and the removable inner ?ange rings 126,128. 
[0053] The removable inner ?ange rings 126,128 have a 
similar cross sections to the bearing inserts themselves, and 
attach to the ends of the bearing inserts with mechanical 
fasteners 130 that attach to insert lips 130,132 provided adja 
cent the ?anges 82,96. 
[0054] The rotors 64,66 are mounted into the bearing insert 
assembly 74,76 at a ?rst end of both rotors with the rotor 
annuli 86,100 facing lobes 6411,6611 of the rotors 64,66. The 
combined outlet port 112 is therefore in direct ?uid commu 
nication with the rotors 64,66 and rotor lobes 6411,6611. 
[0055] The rotors 64,66 and bearing insert assembly 134 
(seen in FIG. 6) may then be mounted within the housing 12. 
The bearing insert assembly 134 is mounted into the con 
joined cavity 69 at the outlet end 24. A cavity lip (not shown) 
co-operable with the bearing insert ?anges 82,96 is provided 
around the entry to the conjoined cavity 69. Mechanical fas 
teners attach the bearing insert ?anges 82,96 to the cavity lip 
and therefore the housing 12. 
[0056] Balance pistons 136,138 are mounted on the distal 
end of the male and female rotors 64,66; that is, the end 
opposite the bearing inserts 74,76. Mechanical fasteners 137, 
139 are used to mount the balance pistons 136,138 to the 
Further balance piston side radial bearings 140,142 are also 
mounted around the distal end of the male and female rotors 
64,66, adjacent the balance pistons 136,138 but inboard of 
them; that is, between balance pistons 136,138 and rotor 
lobes 64a,6611. 
[0057] The balance pistons 136,138 mount within corre 
sponding sockets 144,146 within each cavity 65,67 at the inlet 
end 20, ensuring axial alignment of the rotors 64,66 at that 
end 20 of the housing 12 together with the balance piston side 
radial bearings 140,142. 
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[0058] On the housing 12 there is also provided a variable 
Volume Index (VI) control slider valve 148 to control Volume 
Index and two poppet valves 150 which provide capacity 
control. The control slider valve includes a manual control 
mechanism 152 which extends from the inlet end 20 out of the 
housing 12. The manual control mechanism 152 comprises a 
slider and threaded rod mechanism, which may be controlled 
manually or automatically, with a stepper motor (not shown) 
for example. 
[0059] In use, an external motor drives the drive shaft 68. 
This causes the male rotor 64 to rotate within cavity 65 and 
imparts this rotational motion to female rotor 66 via the 
respective rotor lobes 6411,6611. 
[0060] Fluid is drawn into the interlobe space from the inlet 
end 20 through the inlet duct 62. As the rotor lobes 6411,6611 
mesh ?uid is trapped and compressed as it is forced along the 
rotors 64,66 from inlet end 20 to outlet end 24. Eventually, the 
interlobe space occupied by the ?uid is forced through the 
combined outlet port 112 formed on the bearing insert assem 
bly 74,76 and exposed to outlet port 44, through which the 
?uid is discharged. 
[0061] This process imparts three main loads to the rotors: 
a drive load from the motor driving the drive shaft; a pressure 
load from the ?uid being compressed in the interlobe spaces 
and a thermal load as a temperature rise will result from the 
compression process causing components to expand, includ 
ing the rotors 64,66. 
[0062] In prior art machines, these loads would be borne by 
the main structural components of a three-part casing: a main 
housing, an inlet housing and an outlet housing. 
[0063] These loads are now borne by the housing 12 alone, 
and the inlet cover 14 and outlet cover 16, being non-struc 
tural, may be composed of different materials. Any expansion 
or loading of rotors 64,66 is partially or wholly accommo 
dated by the bearing inserts 74,76 and the balance pistons 
136,138. 
[0064] The dimensions and shape of the combined outlet 
port 112 will have a bearing on ?ow characteristics and may 
need to be altered to optimise functioning of the compressor 
10. These may be altered by replacing the bearing inserts 
74,76 with others having differently shaped and/or sized male 
outlet port 89 and female outlet port 106 combining to form a 
differently dimensioned and/ or shape of the combined outlet 
port 112. 
[0065] Although described with particular reference to a 
screw compressor, it will be understood that the present 
invention may ?nd utility in other ?uid machines, which may 
include, without limitation, pumps, compressors, turbines 
and expanders. 
[0066] By having only one housing the manufacturing pro 
cess is simpli?ed and misalignments which normally were an 
issue with three housings are minimised. It is because the 
inserts have essentially the same diameter as the casing and 
since both of these are manufactured in one machining opera 
tion each it mitigates misalignment. 
[0067] By the design of bearing inserts which contain bear 
ings and locknuts to locate rotors, substantially all axial 
forces are contained between the rotor and the insert and are 
not transmitted to other parts of the machine. That means 
inserts carry substantially all axial loads whilst the main 
housing carries substantially just radial loads. Therefore 
excluding rotors, all other parts of the machine are not sub 
jected to signi?cant loads. 
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[0068] The design of inserts allows subassembly of rotor 
and insert to be removed from the machine and adjusted 
externally for appropriate functionality of the machine. This 
makes the ?uid machine ?exible and easy to maintain. 
[0069] Bearing inserts on the inside contain bearings and 
locking devices to keep rotors in position while on the outside 
they contain ports which could be ?exibly manufactured and 
changed and do not require any other alterations in the 
machine to adapt it for different applications. 
[0070] It has also been found that the hereinbefore 
described embodiment of the present invention provides 
appreciable improvements in both volumetric e?iciency and 
reduction in noise over prior art devices. 
[0071] Moreover, the invention is not limited to its appli 
cation on screw type machines only, but may ?nd application 
in all rotary-typeshaft-based designs, including, again with 
out limitation, fan, scroll and centrifugal. 
[0072] The invention is not limited to the embodiments 
hereinbefore described, but may modi?ed without departing 
from the scope of the present invention. 
[0073] For example, bearing inserts may be provided on 
both ends of the rotor, replacing or being in addition to the 
balance pistons. 
1-22. (canceled) 
23. A ?uid machine comprising 
at least one rotor, the rotor including a rotor drive shaft 
extending from the rotor, 
a housing in which is mounted the rotor, and 
at least one bearing insert which mounts around a rotor 
drive shaft at a ?rst end of the rotor and which includes 
at least one bearing within it and attaches to the housing; 
wherein the rotor has lobes or blades projecting from the 
rotor drive shaft to a maximum diameter, and the bearing 
inserts have a dominant dimension, measured substan 
tially perpendicularly to a main axis of the rotor shaft, 
that is substantially the same as said maximum diameter. 
24. A ?uid machine according to claim 23, wherein the 
?uid machine is a screw compressor, the rotor being a screw 
type with helical lobes surrounding a rotor drive shaft, and the 
dimension of the bearing insert is substantially the same as 
that of the maximum helical lobe diameter. 
25. A ?uid machine according to claim 23, wherein the 
?uid machine includes two meshing rotors. 
26. A ?uid machine according to claim 23, wherein the 
?uid machine may include two bearing inserts. 
27. A ?uid machine according to claim 26, wherein the 
bearing inserts are joined along a sidewall. 
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28. A ?uid machine according to claim 26, wherein the two 
bearing inserts each include at least one thrust bearing for 
balancing axial pressure loads applied to the two meshing 
rotors. 
29. A ?uid machine according to claim 23, wherein the 
bearing insert is substantially cylindrical. 
30. A ?uid machine according to claim 29, wherein the 
bearing insert has a ?attened portion on a cylindrical sidewall 
for mating with another bearing insert. 
31. A ?uid machine according to claim 23, wherein the 
bearing insert includes a ?ange for attaching the bearing 
insert to the housing. 
32. A ?uid machine according to claim 23, wherein the 
bearing insert includes a port formed in it. 
33 . A ?uid machine according to claim 32, wherein the port 
is in the form of an external indentation on one or more 
exterior sidewalk. 
34. A ?uid machine according to claim 23, wherein the 
bearing insert includes at least one thrust bearing and at least 
one radial bearing within it. 
35. A ?uid machine according to claim 23, wherein a 
further bearing insert is mounted around a second end of the 
rotor. 
36. A ?uid machine according to claim 23, wherein the at 
least one bearing insert is con?gured such that substantially 
all axial forces are contained between the rotor and the bear 
ing insert and are not transmitted to other parts of the ?uid 
machine. 
37. A bearing insert suitable for use with a ?uid machine, 
comprising 
a substantially tubular body with a central bore, the central 
bore including at least one internally mounted bearing 
with a bearing surface exposed within the central bore; 
wherein the bearing insert includes a port formed in it. 
38. A bearing insert according to claim 37, including an 
attachment ?ange around a ?rst end of the tubular body. 
39. A bearing insert according to claim 37, including a 
?attened portion on a cylindrical sidewall for mating with 
another bearing insert. 
40.A bearing insert according to claim 37, wherein the port 
is formed by an external indentation on an exterior sidewall. 
41. A bearing insert according to claim 37, including at 
least one thrust bearing and at least one radial bearing within 
it. 
42. A bearing insert according to claim 41, wherein the at 
least one thrust bearing is con?gured to balance axial loads 
applied to the at least one rotor such that the at least one 
bearing insert carries substantially all axial loads from the 
rotor. 
